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(57) ABSTRACT

A deterioration of reproduction light 1s occurred by a laser
drive current on which a high-frequency current 1s superim-
posed. The present invention, for example, 1s an optical infor-
mation reproducing apparatus which irradiates a laser beam
to an optical disc 1 and reads an information, the optical
information reproducing apparatus includes a semiconductor
laser 6 which generates the laser beam, a laser drive unit 7
which supplies a drive current on which a high-frequency
current are superimposed to the semiconductor laser 6, a
spindle motor 2 which drives the optical disc 1 and a control
unit 5 which controls the laser drive unit 7 and the spindle
motor 2, and the control unit 5 determines a parameter of the
high-frequency current based on magnitude of a current on
which the high-frequency current is to be superimposed.

12 Claims, 6 Drawing Sheets
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OPTICAL INFORMATION REPRODUCING
APPARATUS, INFORMATION
REPRODUCING METHOD OF OPTICAL
INFORMATION REPRODUCING

APPARATUS, PROGRAM AND RECORDING
MEDIUM

This Application 1s A U.S. National Phase Application of
PCT International Patent Application No. PCT/IP2009/
004141 filed Aug. 26, 2009, claiming the benefit of priority of
Japanese Patent Application No. 2008-219175 filed Aug. 28,
2008, all of which are incorporated by reference herein 1n
their entirety.

Technical Field

The present invention relates to an optical information
reproducing apparatus which has at least a function for repro-
ducing information recorded on an information recording
medium by a laser beam and laser driving device having a
high frequency superimposition mechanism for reducing
laser noise, and a method for reproducing thereof.

Background Art

In recent years, a tendency of high-speed record/reproduc-
tion (tendency of high-speed) for an optical information
reproducing apparatus which performs record and reproduc-
tion 1n a high-density on an optical recoding medium such as
BD (a Blu-ray Disc) progresses and also a tendency of high-
power with respect to a semiconductor laser progresses.

On the other hand, 1n case of the optical information repro-
ducing apparatus which performs recording and reproducing
information by using the semiconductor laser, the laser beam
output from the semiconductor laser 1s irradiated to the rotat-
ing information recoding medium, and a retlected light from
the information recoding medium is received to reproduce the
information. However, such an apparatus has a problem that
the quality of reproduced information 1s deteriorated because
a portion of the reflected light retunes to the semiconductor
laser, so that the noise 1s mixed into the laser beam. Espe-
cially, the problem 1s caused when reproduction operation 1s
performed with low output.

As a result of this, the high power and the low noise at the
low power are simultancously requested with respect of the
.semiconductor laser.

A method of superimposing a high-frequency current on a
DC current for driving the semiconductor laser 1s known as a
method of suppressing the noise caused by this returned light.

FIG. 6 1s a block diagram of a conventional optical infor-
mation reproducing apparatus (an optical disc drive) (see
JP2004-110975).

An optical disc drive 51 comprises an unillustrated .semi-
conductor laser and an optical detector, 1rradiates laser beam
generated by the semiconductor laser to an information
recoding medium 52 (disc), recerves a reflected light from the
disc 52 by using the optical detector and converts the infor-
mation recorded on the disc 52 into the electric signal. The
converted electric signal 1s converted into digital data by
using an unillustrated signal LSI, however, a portion of the
reflected light retunes to the semiconductor laser, so that the
noise 1s mixed into the laser beam and then .the jitter of
reproduced information 1s degraded.

In order to improve this matter, a LD driver 33 comprises a
function of superimposing a high-frequency component with
a predetermined frequency and a predetermined amplitude
value on a drive current when the drive current 1s supplied to
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the .semiconductor laser. A single-mode laser can be thereby
changed 1nto a multi-mode laser to suppress the jitter. The
level of suppressed noise by superimposing the high-fre-
quency current 1s changed by the frequency and amplitude of
the high-frequency which are set by register 54 disposed in
the LD drive 53. Therefore, the frequency and amplitude are
searched and set at which the jitter becomes the smallest
while the jitter 1s measured by a jitter measuring unit 55

In general, an optimum frequency and amplitude at which
the jitter becomes the smallest 1s different according to the
individual difference of the optical disc drive 51. However,
since the optimum frequency and amplitude are set while the
jitter 1s measured, the optimum value without any error can be
set with respect to each optical disc drive.
Prior Art Document
Patent Document

Patent Document 1: Japanese Patent Laid-Open No. 2004-

110975

SUMMARY OF INVENTION
Problems to be Solved by the Invention

However, there were some problems as described below, 1n
the above described conventional structure.

The frequency and amplitude of the superimposed high-
frequency current have been set so that they become the
optimum value with respect to only the jitter. Therefore, when
the disc 52 1s notread-only type and 1s the recordable type, the
reproduction of the disc 52 1s performed under the condition
in which the amplitude value of the drive current on which the
high-frequency current i1s superimposed 1s larger than the
predetermined value. In that case, damage may be caused to
information recorded on the recording medium by the laser
beam.

The reason 1s that when the semiconductor laser 1s driven
by the drive current on which the high-frequency current 1s
superimposed, the waveform of the intensity of the laser beam
becomes the wavetorm having a remarkable high and sharp
peak partially compared with the mean level, so that deterio-
ration of reproduction light that the recorded information 1s
deteriorated by the peak points of intensity of the laser beam
OCCUrs.

Especially, the deterioration of reproduction light 1s caused
casily further more, because that the quantities of light at the
reproduction increases as the tendency of high-speed record/
reproduction progresses in recent years.

Meanwhile, there 1s a problem that the deterioration of
reproduction light can not be prevented while the jitter 1s
being suppressed, because the jitter at a low-speed reproduc-
tion deteriorates when the superimposed amplitude 1s set
small too much 1n order to prevent the deterioration of repro-
duction light at a high-speed reproduction.

An object of the present invention 1s to provide an optical
information reproducing apparatus, an information reproduc-
ing method of an optical information reproducing apparatus,
a program and a recording medium, which can suppress
occurrence of the damage to the information recorded on a
recording medium due to the laser beam and has a high
reliability.

Means for Solving the Problems

The 1°* aspect of the present invention is an optical infor-
mation reproducing apparatus which irradiates a laser beam
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to an information recording medium and reads an informa-
tion, said optical information reproducing apparatus compris-
ng:

a semiconductor laser which generates said laser beam;

a laser drive unit which supplies a drive current on which a
high-frequency current 1s superimposed to said semiconduc-
tor laser:

a spindle motor which drives said information recording
medium; and

a control unit which controls said laser drive umt and said
spindle motor,

wherein said control unit determines a parameter of said
high-frequency current based on magnitude of a current on
which said high-frequency current 1s to be superimposed.

The 2% aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 1°° aspect of
the present invention,

wherein said control unit has at least one of a function of
determining a reproduction speed for reading out information
from said information recording medium and a function of
identifying a type of said information recording medium,

saild magnitude of said current on which said high-fre-
quency current 1s to be superimposed 1s determined based on
at least one information of 1) said type of said information
recording medium 1dentified by said control unit, 11) said
reproduction speed determined by said control unit and 111)
reproduction layer information indicating which one of infor-
mation recording surfaces on said information recording
medium 1s reproduced.

The 37? aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 2" aspect of
the present invention,

wherein said control unit has said function of determining
a reproduction speed and said function of identitying a type of
said information recording medium,

said parameter of said high-frequency current i1s deter-
mined based on said identified type of said information
recording medium and said determined said reproduction
speed,

said determined said parameter of said high-frequency cur-
rent includes an amplitude set value which sets an amplitude
value of said high-frequency current and a frequency set value
which sets a frequency of said high-frequency current, which
are used at said laser drive unit.

Accordingly, for example, since the parameter of the high-
frequency current 1s determined according to the type and
reproduction speed of the information recording medium, an
optical information reproducing apparatus which can prevent
the deterioration of reproduction light and can perform the
reproduction with the suppressed jitter can be provided.

Also, for example, an optical information reproducing
apparatus of the present invention may identify that the type
of the mformation recording medium 1s either the read-only
type, write-once type or rewritable type, and may determine
the parameter of the high-frequency current based on the
result of the identification.

Accordingly, for example, an optical information repro-
ducing apparatus which can prevent the deterioration of
reproduction light regardless of the type of the imnformation
recording medium can be provided.

The 4 aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 3’ aspect of
the present invention,

wherein said parameter of said high-frequency current 1s
set so that a ratio of a peak level value and an average level
value of a light intensity of said laser beam 1s equal to or less
than a predetermined value.
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The 57 aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 4” aspect of
the present invention,

wherein said predetermined value 1s a threshold value
which does not cause damage to recorded information on said
information recording medium by said laser beam when said
information recording medium is reproduced.

The 6™ aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 57 aspect of
the present invention,

wherein said predetermined value differs depending on
said type of said information recording medium, said repro-
duction speed, or which information recording surface of said
information recording medium 1s reproduced.

Accordingly, for example, an optical information repro-
ducing apparatus which can prevent the deterioration of
reproduction light regardless of the type of the imnformation
recording medium, reproduction speed of the information
recording medium or the information recording surface
which 1s to be reproduced can be provided.

The 77 aspect of the present invention is the optical infor-
mation reproducing apparatus according to any one of the 4”
to the 67 aspects of the present inventions, comprising;

a storage unit which stores said parameter of said high-
frequency current, said parameter being set in advance,

wherein said parameter of said high-frequency current 1s

selectively read out from said storage unit based on a
result of identifying said type of said information
recording medium and said determined reproduction
speed.

Accordingly, for example, an optical information repro-
ducing apparatus which does not need the learning at the time
of the start and has a short rising time can be provided.

The 8" aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 47, the 6 or
the 77 aspects of the present inventions,

wherein said parameter of said high-frequency current is
set so that said ratio of a peak level value and a average level
value of a light intensity of said laser beam becomes smaller
in the case of said iformation recording medium being a
recordable type than 1n the case of said information recording
medium being a read-only type.

Accordingly, for example, an optical information repro-
ducing apparatus which prevents the deterioration of repro-
duction light and can perform the reproduction with the sup-
pressed jitter with respect to the recording medium of the
read-only type without the deterioration of reproduction light
can be provided.

The 97 aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 4™, the 6” or
the 77 aspects of the present inventions,

wherein said parameter of said high-frequency current 1s
set so that said ratio of a peak level value and a average level
value of a light intensity of said laser beam becomes smaller
in the case of said iformation recording medium being a
rewritable type than 1n the case of said information recording
medium being a write-once type.

Accordingly, for example, an optical information repro-
ducing apparatus which prevents the deterioration of repro-
duction light and can perform the reproduction with the sup-
pressed jitter with respect to the recording medium of the
write-once type can be provided.

The 107 aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 8” or the 9”
aspects of the present inventions,

wherein an amplitude of said high-frequency current,
which 1s set in advance with respect to said read-only type or
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said write-once type, 1s smaller than an amplitude of said
high-frequency current, which 1s set in advance with respect
to said recordable type or said rewritable type.

Accordingly, for example, an optical information repro-
ducing apparatus which can lower the peak level of the light
intensity and can prevent the deterioration of reproduction
light can be provided.

The 117 aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 8” or the 9”
aspects of the present inventions,

wherein a frequency of said high-frequency current, which
1s set 1n advance with respect to said read-only type or said
write-once type, 1s smaller than a frequency of said high-
frequency current, which 1s set 1n advance with respect to said
recordable type or said rewritable type.

Accordingly, for example, an optical information repro-
ducing apparatus which can lower the peak level of the light
intensity and can prevent the deterioration of reproduction
light can be provided.

The 127 aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 77 aspect of
the present invention,

wherein said amplitude set value which 1s included 1n said
parameter of said high-frequency current stored by said stor-
age unit 1s set in advance so that a predetermined amplitude 1s
obtained, and the other amplitude set value 1s calculated by
using said amplitude set value stored by said storage unait.

Accordingly, for example, an optical information repro-
ducing apparatus in which the smallest amplitude set value
having a small effect of suppressing the jitter 1s accurately set
to lower influence of the set error and which reduces the
number of setting steps of the other set values to be able to
realize low cost can be provided.

The 137 aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 47 aspect of
the present invention,

wherein said control unit changes said determined param-
eter when said reproduction speed 1s changed during repro-
duction of said information recorded on said information
recording medium or said information recording surface to be
reproduced 1s changed.

Accordingly, for example, since the parameter of the high-
frequency current 1s changed according to the change of the
reproduction speed of the information recording medium or
the change of the information recording surface which is to be
reproduced, an optical information reproducing apparatus
which can prevent the deterioration of reproduction light and
can perform the reproduction with the suppressed jitter can be
provided.

The 14” aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 137 aspect of
the present invention,

wherein when said reproduction speed 1s changed in an
increase direction during reproduction of said information
recorded on said mformation recording medium which 1s
recordable, said average level value of said light intensity of
said laser beam 1s increased after said parameter of said
high-frequency current 1s changed.

Accordingly, for example, an optical information repro-
ducing apparatus which can prevent the deterioration of
reproduction light even when the reproduction speed 1s
increased during reproduction operation can be provided.

The 15 aspect of the present invention is the optical infor-
mation reproducing apparatus according to the 137 aspect of
the present invention,

wherein when said reproduction speed 1s changed 1n a
decrease direction during reproduction of said information
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recorded on said mformation recording medium which 1s
recordable, said parameter of said high-frequency current 1s
changed after said average level value of said light intensity of
said laser beam 1s decreased.

Accordingly, for example, an optical information repro-
ducing apparatus which can prevent the deterioration of
reproduction light even when the reproduction speed 1s
decreased during reproduction operation can be provided.

Also, 1n case of an optical information reproducing appa-
ratus of the present invention, an oscillation wavelength of the
semiconductor laser may be 390 nm or more and 450 nm or
less.

Accordingly, for example, an optical information repro-
ducing apparatus which can prevent the deterioration of
reproduction light even when the reproduction of the infor-
mation recording medium 1s performed 1n high-density by the
laser beam with the wavelength range of 390 nm or more and
450 nm or less can be provided.

The 16™ aspect of the present invention is an information
reproducing method of an optical information reproducing
apparatus which 1rradiates a laser beam to an information
recording medium and reads an information, said optical
information reproducing apparatus having;

(1) a semiconductor laser which generates said laser beam:;

(11) a laser drive unit which supplies a drive current on
which a high-frequency current 1s superimposed to said semi-
conductor laser:;

(111) a spindle motor which drives said information record-
ing medium; and

(1v) a control unit which controls said laser drive unit and
said spindle motor,

wherein said information reproducing method comprises

a step 1n which said control unit determines a parameter of
said high-frequency current based on magnitude of a current
on which said high-frequency current 1s to be superimposed.

The 17 aspect of the present invention is the information
reproducing method of an optical information reproducing
apparatus according to the 16” aspect of the present inven-
tion,

wherein said control unit has at least one of a function of
determining a reproduction speed for reading out information
from said information recording medium and a function of
identifving a type of said information recording medium,

said magnitude of said current on which said high-ire-
quency current 1s to be superimposed 1s determined based on
at least one 1information of 1) said type of said information
recording medium 1dentified by said control unit, 11) said
reproduction speed determined by said control unit and 111)
reproduction layer information indicating which one of infor-
mation recording surfaces on said information recording
medium 1s reproduced.

The 18 aspect of the present invention is the information
reproducing method of an optical information reproducing
apparatus according to the 177 aspect of the present inven-
tion,

wherein said control unit has said function of determining
areproduction speed and said function ol identifying a type of
said information recording medium,

said parameter of said high-frequency current 1s deter-
mined based on said identified type of said information
recording medium and said determined said reproduction
speed,

said determined said parameter of said high-frequency cur-
rent includes an amplitude set value which sets an amplitude
value of said high-frequency current and a frequency set value
which sets a frequency of said high-frequency current, which
are used at said laser drive unit.
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Accordingly, for example, since the parameter of the high-
frequency current 1s determined according to the type and
reproduction speed of the information recording medium, an
information reproducing method of an optical information
reproducing apparatus which can prevent the deterioration of
reproduction light and can perform the reproduction with the
suppressed jitter can be provided.

Also, for example, an information reproducing method of
an optical information reproducing apparatus of the present
invention may identily that the type of the information
recording medium 1s either the read-only type, write-once
type or rewritable type, and may determine the parameter of
the high-frequency current based on the result of the 1denti-
fication.

Accordingly, for example, an information reproducing
method of an optical information reproducing apparatus
which can prevent the deterioration of reproduction light
regardless of the type of the information recording medium
can be provided.

The 197 aspect of the present invention is the information
reproducing method of an optical mnformation reproducing,
apparatus according to the 18” aspect of the present inven-
tion,

wherein said parameter of said high-frequency current 1s
set so that a ratio of a peak level value and an average level
value of a light intensity of said laser beam 1s equal to or less
than a predetermined value.

The 20™ aspect of the present invention is the information
reproducing method of an optical mnformation reproducing,
apparatus according to the 19th aspect of the present imven-
tion,

wherein said predetermined value 1s a threshold value
which does not cause damage to recorded information on said
information recording medium by said laser beam when said
information recording medium is reproduced.

The 21° aspect of the present invention is the information
reproducing method of an optical information reproducing
apparatus according to the 20” aspect of the present inven-
tion,

wherein said predetermined value differs depending on
said type of said information recording medium, said repro-
duction speed, or which information recording surface of said
information recording medium 1s reproduced.

Accordingly, for example, an information reproducing
method of an optical information reproducing apparatus
which can prevent the deterioration of reproduction light
regardless of the type of the information recording medium,
reproduction speed of the information recording medium or
the information recording surface which 1s to be reproduced
can be provided.

The 227 aspect of the present invention is the information
reproducing method of an optical information reproducing,
apparatus according to any one of the 197 to the 21" aspects
ol the present 1nventions,

wherein said information recording and reproducing appa-
ratus has a storage unit which stores said parameter of said
high-frequency current, and said parameter 1s set 1n advance,

wherein said parameter of said high-frequency current 1s
selectively read out from said storage unit based on a result of
identifyving said type of said information recording medium
and said determined reproduction speed.

Accordingly, for example, an information reproducing
method of an optical information reproducing apparatus
which does not need the learning at the time of the start and
has a short rising time can be provided.
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The 237 aspect of the present invention is the information
reproducing method of an optical information reproducing
apparatus according to the 197, the 21% or the 22" aspects of
the present inventions,

wherein said parameter of said high-frequency current 1s
set so that said ratio of a peak level value and a average level
value of a light intensity of said laser beam becomes smaller
in the case of said information recording medium being a
rewritable type than in the case of said information recording,
medium being a read-only type.

Accordingly, for example, an information reproducing
method of an optical information reproducing apparatus
which prevents the deterioration of reproduction light and can
perform the reproduction with the suppressed jitter with
respect to the recording medium of the read-only type without
the deterioration of reproduction light can be provided.

The 24 aspect of the present invention is the information
reproducing method of an optical information reproducing
apparatus according to the 197, the 21** or the 22" aspects of
the present inventions,

wherein said parameter of said high-frequency current is
set so that said ratio of a peak level value and a average level
value of a light intensity of said laser beam becomes smaller
in the case of said information recording medium being a
rewritable type than in the case of said information recording,
medium being a write-once type.

Accordingly, for example, an mformation reproducing
method of an optical information reproducing apparatus
which prevents the deterioration of reproduction light and can
perform the reproduction with the suppressed jitter with
respect to the recording medium of the write-once type can be
provided.

The 25 aspect of the present invention is the information
reproducing method of an optical information reproducing
apparatus according to the 23’“ or the 24 aspects of the
present inventions,

wherein an amplitude of said high-frequency current,
which 1s set in advance with respect to said read-only type or
said write-once type, 1s smaller than an amplitude of said
high-frequency current, which 1s set in advance with respect
to said recordable type or said rewritable type.

Accordingly, for example, an mformation reproducing
method of an optical information reproducing apparatus
which can lower the peak level of the light intensity and can
prevent the deterioration of reproduction light can be pro-
vided.

The 26™ aspect of the present invention is the information
reproducing method of an optical information reproducing
apparatus according to the 23’“ or the 24 aspects of the
present inventions,

wherein a frequency of said high-frequency current, which
1s set 1n advance with respect to said read-only type or said
write-once type, 1s smaller than a frequency of said high-
frequency current, which 1s set 1n advance with respect to said
recordable type or said rewritable type.

Accordingly, for example, an mformation reproducing
method of an optical information reproducing apparatus
which can lower the peak level of the light intensity and can
prevent the deterioration of reproduction light can be pro-
vided.

The 27 aspect of the present invention is the information
reproducing method of an optical information reproducing
apparatus according to the 22" aspect of the present inven-
tion,

wherein said amplitude set value which 1s included in said
parameter of said high-frequency current stored by said stor-
age unit 1s set 1n advance so that a predetermined amplitude 1s
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obtained, and the other amplitude set value 1s calculated by
using said amplitude set value stored by said storage unat.

Accordingly, for example, an information reproducing
method of an optical information reproducing apparatus in
which the smallest amplitude set value having a small effect
of suppressing the jitter 1s accurately set to lower influence of
the set error and the number of setting steps of the other set
values 1s reduced to be able to realize low cost can be pro-
vided.

The 28" aspect of the present invention is the information
reproducing method of an optical mnformation reproducing,
apparatus according to the 19” aspect of the present inven-
tion,

wherein said control unit changes said determined param-
cter when said reproduction speed 1s changed during repro-
duction of said information recorded on said information
recording medium or said information recording surface to be
reproduced 1s changed.

Accordingly, for example, since the parameter of the high-
frequency current 1s changed according to the change of the
reproduction speed of the information recording medium or
the change of the information recording surface which is to be
reproduced, an information reproducing method of an optical
information reproducing apparatus which can prevent the
deterioration of reproduction light and can perform the repro-
duction with the suppressed jitter can be provided.

The 29 aspect of the present invention is the information
reproducing method of an optical information reproducing
apparatus according to the 28” aspect of the present inven-
tion,

wherein when said reproduction speed 1s changed in an
increase direction during reproduction of said imformation
recorded on said mformation recording medium which 1s
recordable, said average level value of said light intensity of
said laser beam 1s increased after said parameter of said
high-frequency current 1s changed.

Accordingly, for example, an information reproducing
method of an optical information reproducing apparatus
which can prevent the deterioration of reproduction light even
when the reproduction speed 1s increased during reproduction
operation can be provided.

The 30” aspect of the present invention is the information
reproducing method of an optical information reproducing
apparatus according to the 28” aspect of the present inven-
tion,

wherein when said reproduction speed 1s changed 1n a
decrease direction during reproduction of said information
recorded on said mformation recording medium which 1s
recordable, said parameter of said high-frequency current 1s
changed after said average level value of said light intensity of
said laser beam 1s decreased.

Accordingly, for example, an information reproducing
method of an optical information reproducing apparatus
which can prevent the deterioration of reproduction light even
when the reproduction speed 1s decreased during reproduc-
tion operation can be provided.

Also, 1 case of an information reproducing method of an
optical information reproducing apparatus of the present
invention, an oscillation wavelength of the semiconductor
laser may be 390 nm or more and 4350 nm or less.

Accordingly, for example, an information reproducing
method of an optical information reproducing apparatus
which can prevent the deterioration of reproduction light even
when the reproduction of the information recording medium
1s performed 1n high-density by the laser beam with the wave-
length range of 390 nm or more and 450 nm or less can be
provided.
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The 31°* aspect of the present invention is a program for
causing a computer to perform a function of said control unit
ol said optical information reproducing apparatus according
to the 1% aspect of the present invention,

wherein said control unit determines a parameter of said
high-frequency current based on magnitude of a current on
which said high-frequency current 1s to be superimposed.

The 32" aspect of the present invention is a program for
causing a computer to execute said step of said information
reproducing method of the optical information reproducing
apparatus according to the 16” aspect of the present inven-
tion,

wherein said step 1s the step in which said control unit
determines a parameter of said high-irequency current based
on magnitude of a current on which said high-frequency
current 1s to be superimposed.

The 33" aspect of the present invention is a recording
medium holding said program according to the 31°" or 32"
aspects of the present inventions, said recording medium
being processable by a computer.

According to the above described configuration, an infor-
mation reproducing apparatus which has no occurrence of
deterioration of reproduction light, has a good jitter, and has
a high efficiency and high reliability can be provided.

Advantage of the Inventions

According to the present invention, an information repro-
ducing apparatus, an information reproducing method of an
optical information reproducing apparatus, a program and a
recording medium, which can suppress occurrence of the
damage to the mnformation recorded on a recording medium
due to the laser beam and has a high reliability, can be pro-

vided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an optical information repro-
ducing apparatus according to an embodiment of the present
invention.

FIG. 2 1s a wavelorm diagram illustrating a time change 1n
laser beam intensity of an optical information reproducing
apparatus according to an embodiment of the present mnven-
tion.

FIG. 3 1s a view illustrating a relationship between the ratio
of the peak level value and the average level value of the
intensity of the laser beam, and a laser output 1n an optical
information reproducing apparatus according to an embodi-
ment of the present invention.

FIG. 4 1s a view 1llustrating a relationship between the
frequency set value and the high frequency superimposition
frequency of the high-frequency current 1n an optical infor-
mation reproducing apparatus according to an embodiment of
the present invention.

FIG. 5 1s a view 1llustrating a relationship between the
amplitude set value and the high frequency superimposition
amplitude of the high-frequency current in an optical infor-
mation reproducing apparatus according to an embodiment of
the present invention.

FIG. 6 15 a block diagram of a conventional optical infor-
mation reproducing apparatus.

MODE FOR CARRYING OUT THE INVENTION

In the following, an embodiment of the present invention
will be described by reference to the drawings.
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(Embodiment)

FIG. 1 1s a block diagram of an optical information repro-
ducing apparatus according to one embodiment of the present
invention.

I. The configuration of the optical information reproducing
apparatus according to the present embodiment will be
described by reference to FIG. 1.

An optical disc 1 1s an information recording medium on
which digital information 1s recorded, and includes one or a
plurality of unillustrated information recording surfaces.

A spindle motor 2 1s a motor which drives the optical disc
1 at arbitrary number of revolutions. An optical pickup 3 1s a
device which 1rradiates the optical disc 1 with a laser beam
and converts a reflected light 1nto an electric signal to read out
the information recorded on the optical disc 1 as an analog
signal. A signal processing unit 4 1s a device which converts
the signal read out from the optical pickup 3 into a digital
signal. A control unit 5 1s a device which includes one or a
plurality of LSIs, and, besides processing the digital signal
transmitted from the signal processing unit 4, controls the
intensity of the laser beam emitted from the optical pickup 3
and the rotation speed of the spindle motor 2.

When the control unit 5 changes the rotation speed of the
spindle motor 2, a linear speed at which the laser beam scans
the optical disc 1 1s changed. Thus, a reproduction (or record-
ing) speed to read out the information from the optical disc 1
can be changed. The control unit 5 also adjusts the intensity of
the laser beam according to the speed.

Next, the inner configuration of the optical pickup 3 will be
described.

A semiconductor laser 6 1s an element which emits a laser
beam with a wavelength of 390 nm or more and 4350 nm or
less, preferably, a laser beam with a wavelength o1 405 nm. A
laser drive unit 7 1s a device which supplies a drive current to
the semiconductor laser 6 to cause the semiconductor laser 6
to emit a laser beam. The laser drive unit 7 also has a function
of superimposing a high-frequency current on a drive current
as a reference (referred to as reference drive current below)
and thereby generating a drive current to be supplied to the
semiconductor laser 6.

The “reference drive current” in the present embodiment 1s
one of examples of a “current on which the high-frequency
current 1s to be superimposed” 1n the present invention.

As for the laser beam emitted from the semiconductor laser
6, an outgoing light toward the optical disc 1 1s split by a front
light beam splitter 8 to partly enter a front light monitor 9. The
control unit 5 controls the laser drive unit 7 such that the
intensity of the laser beam reaches a predetermined value
based on a monitor signal from the front light monitor 9. The
outgoing light passing through the front light beam splitter 8
passes through a beam splitter 10 which splits a return light,
and 1s converted into a collimated light by a collimator lens
11.

The collimator lens 11 includes an unillustrated actuator to
be movable 1n an optical axis direction, and has a function of
correcting spherical aberration.

When the optical disc 1 has a plurality of mformation
recording surfaces, spherical aberration occurs due to a dii-
ference 1n thickness between an information recording sur-
face to be reproduced and a laser beam 1ncident surface of the
optical disc 1. Thus, the collimator lens 11 1s moved 1n the
optical axis direction to correct a diflerence i amount of
spherical aberration occurring when reproduction of one
information recording surface 1s switched to reproduction of
another information recording surface.

The outgoing light converted into the collimated light by
the collimator lens 11 1s reflected by a rising mirror 12, and
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collected by an objective lens 13 to be focused on an unillus-
trated information recording surface of the optical disc 1.

A reflected light (a return light) from the optical disc 1
travels 1n a direction opposite to that of the outgoing light
inside the optical pickup 3 to pass through the objective lens
13, the rising mirror 12, and the collimator lens 11. The
reflected light 1s then reflected by the beam splitter 10, and
enters an optical detector 14 to be converted into an RF signal
or a servo signal.

Although the reflected light from the optical disc 1 mostly
returns to the optical detector 14, a remaining portion of the
reflected light returns to the semiconductor laser 6, so that
noise 1s mixed into the laser beam. With the noise being
mixed, jitter increases when the RF signal 1s converted into
the digital signal by the signal processing unit 4. The quality
of reproduced 1information 1s thereby degraded.

To prevent the above problem, when the laser drive unmt 7
supplies the drive current to the semiconductor laser 6, a
high-frequency component with a predetermined frequency
and a predetermined amplitude value 1s superimposed on the
reference drive current. A single-mode laser i1s thereby
changed 1nto a multi-mode laser to suppress the jitter. The
laser drive unit 7 includes a current control unit 15, a D/A
converter 16, and an oscillator 17 therein.

The control unit 5 causes the current control unit 15 to
generate the reference drive current for the semiconductor
laser 6, and transmits set value data (see FIGS. 4 and 5) that
respectively sets the amplitude and frequency of the high-
frequency current to be superimposed on the reference drive
current to the D/A converter 16. The D/A converter 16 con-
verts the set value data into an analog voltage signal, and
inputs the analog voltage signal into the oscillator 17. The
oscillator 17 generates the high-frequency current with the set
frequency and amplitude. The generated high-frequency cur-
rent 1s coupled to the reference drive current via an unillus-
trated capacitor.

Here, the set value data that respectively sets the amplitude
and frequency as parameters of the high-frequency current 1s
individually stored 1n a storage unit 18 as amemory according
to the reproduction speed and the type of the optical disc 1.
The control unit 5 selects optimum values (the amplitude and
the frequency) according to the reproduction speed and the
type of the optical disc 1, reads out the set value data corre-
sponding thereto from the storage unit 18, and transmits the
read-out set value data to the laser drive unit 7.

How the values (the amplitude and the frequency) corre-
sponding to the reproduction speed and the type of the optical
disc 1 are determined will be further described later.

Also, the parameters of the high-frequency current may
include a case 1 which the frequency 1s 0. The case will be
further described 1 VIII.

I1. Next, the operation of the optical information reproduc-
ing apparatus according to the present embodiment, and an
information reproducing method of the optical information
reproducing apparatus according to one embodiment of the
present invention will be described.

When the optical disc 1 1s mserted into the optical infor-
mation reproducing apparatus and set at a position where the
optical disc 1 can be rotationally driven by an unillustrated
loading mechanism, the control unit 5 drives the optical disc

1 at a predetermined rotation speed, and reads out the type of
the optical disc 1 1itself (read-only, write-once, rewritable),
and supportable reproduction speeds written on the innermost
periphery of the optical disc 1 by using the optical pickup 3.
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Subsequently, information is recorded or reproduced on or
from the optical disc 1 based on an instruction from a user.
The operation 1n reproduction will be mainly described 1n the
present embodiment.

When the optical information reproducing apparatus
reproduces the information recorded on the optical disc 1, the
control unit 5 selects an appropriate speed (for example, a
highest speed) from the supportable reproduction speeds of
the optical disc 1 read out when the optical disc 1 1s mserted,
and drives the spindle motor 2 at the corresponding rotation
speed to rotate the disc 1.

The light intensity of the laser beam, and the set value data
corresponding to the parameters (the frequency and the
amplitude value) of the high-frequency current to be super-
imposed on the reference drive current by the laser drive unit
7 are read out from the storage unit 18 and set according to the
type of the disc 1 (read-only, write-once, rewritable), and the
reproduction speed.

The magnitude of the reference drive current 1s determined
based on at least one of 1) the type of the optical disc 1
identified by the control unit 5, 1) the reproduction speed
determined by the control unit 5, and 111) reproduction layer
information indicating which information recording surface
1s reproduced when the optical disc 1 has a plurality of infor-
mation recording surfaces.

FIG. 2 1s a wavetorm diagram 1llustrating a time change in
laser beam 1ntensity of the optical information reproducing
apparatus according to the embodiment of the present inven-
tion.

The wavelorm of the light intensity of the laser beam
emitted by the drive current on which the high-frequency
component 1s superimposed has sharp peaks at time 1ntervals
corresponding to the frequency of the drive current on which
the high-frequency current 1s superimposed. A peak level
value thereotf 1s considerably higher than an average level
value of the laser beam. The peak level value varies depending,
on the magnitude of the amplitude of the drive current on
which the high-frequency current 1s superimposed and the
superimposed frequency.

When the peak level value 1s higher than a predetermined
value, the information that has already been recorded may be
deleted (deterioration of reproduction light). To prevent the
deterioration of reproduction light, the parameters of the
high-frequency current to be superimposed need to be set
such that the peak level value 1s equal to or less than the
predetermined value.

The peak level value at which the deterioration of repro-
duction light does not occur differs depending on the type of
the optical disc 1, the reproduction speed, or which informa-
tion recording surtace 1s reproduced when the optical disc has
a plurality of information recording surfaces. Meanwhile,
when the peak level value 1s lowered too much 1n order to
suppress the deterioration of reproduction light, the effect of
superimposing the high-frequency current 1s reduced, so that
laser noise 1ncreases to degrade the jitter.

Accordingly, 1n the embodiment of the present invention,
at least one of the values of the frequency and the amplitude
as the parameters of the high-frequency current to be super-
imposed 1s determined based on the type of the optical disc 1
(read-only, rewritable, write-once), the reproduction speed,
or which mformation recording surface is reproduced when
the optical disc has a plurality of information recording sur-
faces.

When the parameters of the high-frequency current are
determined, the parameters of the high-frequency current are
set such that a ratio of the peak level value and the average
level value of the light intensity of the laser beam (the peak
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level value/the average level value) 1s equal to or less than a
predetermined threshold value. The predetermined threshold
value 1s a threshold value that does not cause damage to the
recorded imnformation on the optical disc 1 by the laser beam
when the recorded information 1s reproduced. Since the pre-
determined threshold value differs depending on the type of
the optical disc, the reproduction speed, or which information
recording surface of the optical disc 1 1s reproduced, 1t 1s
preferable to determine the threshold value 1n advance by an
experiment or the like.

A relationship between the parameters of the high-fre-
quency current and the predetermined threshold value will be
specifically described below.

I1I. Next, the operation 1n a case 1n which the optical disc 1
to be reproduced 1s 1dentified as a recordable (rewritable or
write-once) type by the optical disc identification function of
the control umit 5, and the reproduction 1s determined to be
performed at a double speed will be described.

In the optical information reproducing apparatus according,
to the present embodiment, the parameters of the high-fre-
quency current are set such that the ratio of the peak level
value and the average level value of the light intensity of the
laser beam 1s equal to or less than the predetermined threshold
value (in the present embodiment, the predetermined thresh-
old value 1s 7.7, for example). The threshold value 7.7 1s
determined 1n advance by an experiment.

The threshold value 7.7 1s a threshold value at which the
deterioration of reproduction light does not occur when the
optical disc 1 1s reproduced at the double speed. The param-
cters of the high-frequency current are set so as not to exceed
the threshold value by also taking laser characteristic varia-
tions and temperature characteristics into consideration.

FI1G. 3 1s a view illustrating a relationship between the ratio
of the peak level value and the average level value of the
intensity of the laser beam (the peak level value/the average
level value), and a laser output (an average level value) 1n the
optical information reproducing apparatus according to the
embodiment of the present invention.

A curve line 31 1n FIG. 3 plots the value of the peak level
value/the average level value obtained when the set value data
(an amplitude set value and a frequency set value) corre-
sponding to an amplitude value of 5 mApp of the high-
frequency current to be superimposed (referred to as high
frequency superimposition amplitude value below), and a
frequency of 400 MHz of the high-frequency current to be
superimposed (referred to as high frequency superimposition
frequency below) 1s 1mput to the laser drive unit 7, and the
laser output 1s changed 1n a range of 0.1 to 0.8 mW.

Also, a curve line 32 1n FIG. 3 plots the value of the peak
level value/the average level value obtained when the set
value data corresponding to a high frequency superimposition
amplitude value of 3.3 mApp, and a high frequency superim-
position frequency of 400 MHz 1s input to the laser drive unit
7, and the laser output 1s changed 1n a range 01 0.1 to 0.8 mW.

Also, a curve line 33 in FIG. 3 plots the value of the peak
level value/the average level value obtained when the set
value data corresponding to a high frequency superimposition
amplitude value of 5 mApp, and a high frequency superim-
position frequency of 460 MHz 1s input to the laser drive unit
7, and the laser output is changed 1n a range 01 0.1 to 0.8 mW.

In the optical information reproducing apparatus according,
to the present embodiment, when the optical disc 1 1s the
recordable (write-once or rewritable) type, and the reproduc-
tion 1s performed at the double speed as the reproduction
condition, it 1s set in advance that a laser output o1 0.3 mW 1s
used.
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In this case, the set value data corresponding to a high
frequency superimposition amplitude value of 5 mApp, and a
high frequency superimposition frequency of 400 MHz (see
the curve line 31 1n FIG. 3) 1s read out from the storage unit
18. The reason 1s as follows.

As the selectable set value data, the peak level value/the
average level value 1s required to be equal to or less than 7.7
to prevent the deterioration of reproduction light when the
laser output1s 0.3 mW. Since the peak level value/the average
level value 1s 6.6 at a point 31a on the curve line 31, and 5.4
at a point 32q on the curve line 32, the condition that the peak
level value/the average level value 1s equal to or less than the
threshold value 7.7 1s satisfied (see FIG. 3).

Meanwhile, as the peak level value/the average level value
1s larger (for example, as the high frequency superimposition
amplitude value 1s set to be larger), the effect of suppressing
the jitter 1s improved. Thus, the set value data corresponding
to the point 31a on the curve line 31 1s selected.

The curve line 31 is a curve line obtained when the largest
high frequency superimposition amplitude value (5 mApp) 1s
set among a plurality of curve lines where the peak level
value/the average level value 1s equal to or less than 7.7 1n a
case 1n which the high frequency superimposition frequency
1s set to 400 MHz and the variations of temperature charac-
teristics or the like are also taken into consideration.

IV. Next, the operation 1n a case 1n which the optical disc 1
to be reproduced 1s 1dentified as a recordable (rewritable or
write-once) type by the optical disc 1dentification function of
the control unit 5, and the reproduction 1s determined to be
performed at a quadruple speed will be described.

In the optical information reproducing apparatus according
to the present embodiment, the parameters of the high-fre-
quency current are set such that the ratio of the peak level and
the average level of the light intensity of the laser beam 1s
equal to or less than a predetermined threshold value smaller
than that in the reproduction at the double speed (in the
present embodiment, the predetermined threshold value 1s 5,
for example).

The threshold value 5 1s a threshold value at which the
deterioration of reproduction light does not occur when the
optical disc 1 1s reproduced at the quadruple speed. The
threshold value 5 1s determined 1n advance by an experiment.

It 1s necessary to increase the average level value of the
light intensity at the time of high-speed reproduction. The
peak level value 1s also increased according to the increase in
the average level value. Thus, to prevent the deterioration of
reproduction light, the parameters of the high-frequency cur-
rent need to be changed such that the peak level value 1s
reduced.

Accordingly, 1n the optical information reproducing appa-
ratus according to the present embodiment, the parameters of
the high-frequency current are set such that the ratio of the
peak level value and the average level value 1s smaller than
that 1n the reproduction at the double speed, and 1s equal to or
less than 5 by also taking laser characteristic variations and
temperature characteristic variations into consideration.

In the optical information reproducing apparatus according,
to the present embodiment, when the optical disc 1 1s the
recordable (write-once or rewritable) type, and the reproduc-
tion 1s performed at the quadruple speed as the reproduction
condition, it 1s set in advance that a laser output o 0.6 mW 1s
used.

In this case, the set value data corresponding to a high
frequency superimposition amplitude value o13.3 mApp, and
a high frequency superimposition frequency of 400 MHz (see
the curve line 32 in FIG. 3) 1s read out from the storage unit
18. The reason 1s as follows.
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As the selectable set value data, the peak level value/the
average level value 1s required to be equal to or less than 5 to
prevent the deterioration of reproduction light when the laser
output 1s 0.6 mW.

Since the peak level value/the average level value 1s 4 at a
point 326 on the curve line 32, the condition that the peak
level value/the average level value 1s equal to or less than the
threshold value 5 1s satisfied (see FIG. 3). However, since the
peak level value/the average level valueis 5.6 atapomnt31bon
the curve line 31, the condition that the peak level value/the
average level value 1s equal to or less than the threshold value
5 1s not satisfied (see FI1G. 3).

That 1s, 11 the reproduction at the quadruple speed 1s per-
formed using the same parameters of the high-frequency
current as those of the reproduction at the double speed (the
high frequency superimposition amplitude 1s S mApp and the
high frequency superimposition frequency 1s 400 MHz), the
ratio of the peak level value and the average level value 1s 5.6,
which exceeds the acceptable value 5. The deterioration of
reproduction light 1s thereby caused.

Thus, the set value data corresponding to the point 326 on
the curve line 32 1s selected.

The curve line 32 1s a curve line obtained when the largest
high frequency superimposition amplitude value (3.3 mApp)
1s set among a plurality of curve lines where the peak level
value/the average level value 1s equal to or less than the
threshold value 5 in a case in which the high frequency
superimposition frequency 1s set to 400 MHz and the varia-
tions of temperature characteristics or the like are also taken
into consideration.

In the present embodiment, the parameters of the high-
frequency current are changed depending on the difference 1n
the reproduction speed as described above. Accordingly, the
highly reliable optical information reproducing apparatus
capable of preventing the deterioration of reproduction light
can be achieved.

Furthermore, as described above, 1n the case in which the
parameters are set such that the peak level value/the average
level value 1s equal to or less than the preset threshold value,
the largest high frequency superimposition amplitude value 1s
set 1n consideration of the effect of suppressing the jitter.

To reduce the ratio of the peak level value and the average
level value of the light intensity, the superimposition ire-
quency may be also increased without changing the superim-
position amplitude, so that a stmilar effect can be obtained.

For example, when the optical disc 1 to be reproduced 1s the
recordable (rewritable or write-once) type and the reproduc-
tion 1s performed at the quadruple speed, the ratio of the peak
level value and the average level value of the intensity of the
laser beam can be reduced by setting the high frequency
superimposition amplitude to 5 mApp, and increasing the
high frequency superimposition frequency from 400 MHz to
460 MHz (see the curve line 33 1 FIG. 3).

In this case, the peak level value/the average level value 1s

3.7 when the laser output 1s 0.6 mW as indicated by the curve
line 33 1n FIG. 3. Thus, the condition that the peak level
value/the average level value should be equal to or less than
the threshold value 5 1s satistied.
Also, to reduce the ratio of the peak level value and the
average level value, the decrease in superimposition ampli-
tude, and the 1increase in superimposition frequency may be
employed 1n combination.

V. Next, the operation 1n a case 1n which the optical disc 1
to be reproduced 1s a read-only type will be described.

Since the deterioration of reproduction light does not occur
in this case, it 1s not necessary to reduce the ratio of the peak
level value/the average level value of the intensity of the laser
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beam. For example, the high frequency superimposition
amplitude 1s set to 7 mApp, and the high frequency superim-
position frequency 1s set to 400 MHz. Alternatively, 11 the
ntter degradation 1s within an acceptable range, the number of
set value data to be set 1n advance may be reduced by setting
the high frequency superimposition amplitude to be the same

as the amplitude (5 mApp) in the reproduction at the double
speed for the recordable optical disc.

Also, 1n the recordable optical disc, the deterioration of
reproduction light occurs more easily in the rewritable type
where information can be deleted than in the write-once type
where information cannot be deleted. Thus, the ratio of the
peak level and the average level of the light intensity may be
reduced to, for example, 4.5 or less 1n the rewritable optical
disc, so that the more reliable optical information reproducing
apparatus can be provided.

V1. Next, the operation when the reproduction speed 1s
changed during reproduction operation will be described.

The reproduction speed 1s increased during reproduction
operation when the optical information reproducing appara-
tus 1s changed from a state 1n which the reproduction 1s
suspended and the optical disc 1 1s driven at a low rotation
speed to save power to a state 1n which the rotation speed of
the optical disc 1 1s increased to a high rotation speed to restart
the reproduction, for example.

The operation of increasing the reproduction speed during,
reproduction operation 1s performed by the following proce-
dure.

That1s, the control unit 3 increases the rotation speed of the
spindle motor first (step 101)

Subsequently, the parameter setting of the high-frequency
current 1s changed according to the speed aifter the change.
The ratio of the peak level value and the average level value of
the light intensity 1s thereby reduced (step 102).

The intensity of the laser beam 1s then increased (step 103).

If the 1intensity of the laser beam 1s increased before the
parameter setting of the high-frequency current i1s changed,
the peak level of the intensity of the laser beam exceeds a level
at which the deterioration of reproduction light occurs. By
tollowing the above procedure, the peak level can be pre-
vented from exceeding the level at which the deterioration of
reproduction light occurs. Accordingly, the highly reliable
optical information reproducing apparatus can be provided.

Also, the reproduction speed 1s decreased during reproduc-
tion operation when the quality of a reproduction signal 1s
degraded due to vibrations caused when the optical disc 1 1s
driven at a high rotation speed, for example.

The operation of decreasing the reproduction speed during
reproduction operation 1s performed by the following proce-
dure.

That 1s, the control unit 5 reduces the rotation speed of the
spindle motor first (step 201)

Subsequently, the intensity of the laser beam 1s reduced
(step 202).

The parameter setting of the high-frequency current 1s then
changed according to the speed after the change. The ratio of
the peak level and the average level of the light intensity 1s
thereby increased (step 203).

The operation 1n steps 202 to 203 described above will be
specifically described by reference to FIG. 3.

The laser output 1s reduced from 0.6 mW to 0.3 mW 1n step
202, which corresponds to transition from the point 3256 (the
laser output 1s 0.6 mW, the high frequency superimposition
amplitude value 1s 3.3 mApp, and the high frequency super-
imposition frequency 1s 400 MHz) to the point 324 (the laser
output 1s 0.3 mW, the high frequency superimposition ampli-
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tude value 1s 3.3 mApp, and the high frequency superimpo-
sition frequency 1s 400 MHz) on the curve line 32 1n FIG. 3.

Next, the peak level value/the average level value 1is

increased from 5.4 to 6.6 1n step 203, which corresponds to
transition from the point 324 on the curve line 32 to the point
31a (the laser output 1s 0.3 mW, the high frequency superim-
position amplitude value 1s 5 mApp, and the high frequency
superimposition frequency 1s 400 MHz) on the curve line 31
in FIG. 3.
If the ratio of the peak level and the average level of the
light intensity 1s increased before the intensity of the laser
beam 1s reduced, the peak level of the intensity of the laser
beam exceeds a level at which the deterioration of reproduc-
tion light occurs. By following the above procedure, the peak
level can be prevented from exceeding the level at which the
deterioration of reproduction light occurs. Accordingly, the
highly reliable optical information reproducing apparatus can
be provided.

VII. Next, the set value data (the frequency set value and
the amplitude set value) stored in advance 1n the storage unit
18 of the optical information reproducing apparatus accord-
ing to the present embodiment as the parameters of the high-
frequency current will be described by reference to FIGS. 4
and 5.

FIG. 4 1s a view 1llustrating a relationship between the
frequency set value and the high frequency superimposition
frequency of the high-frequency current in the optical infor-
mation reproducing apparatus according to the embodiment
of the present invention. FIG. 5 1s a view 1illustrating a rela-
tionship between the amplitude set value and the high fre-
quency superimposition amplitude of the high-frequency cur-
rent 1 the optical nformation reproducing apparatus
according to the embodiment of the present invention.

The frequency set value and the amplitude set value, which
are set with respect to each type of the optical disc and each
reproduction speed, corresponding to the high frequency
superimposition frequency and the high frequency superim-
position amplitude are stored 1n advance 1n the storage unit
18.

The control unit 5 selects the frequency set value and the
amplitude set value (the set value data) described above from
the storage unit 18 as the parameters of the high-frequency
current corresponding to the result of 1dentifying the type of
the set optical disc 1 and determining the reproduction speed,
and outputs the set value data to the D/A converter 16. The
D/A converter 16 recerves the set value data from the control
unit S, and causes the oscillator 17 to generate the correspond-
ing frequency and amplitude.

However, even when the same set value data (the frequency
set value and the amplitude set value) 1s employed, the actual
high frequency superimposition frequency and high fre-
quency superimposition amplitude are not the same due to the
influences of the characteristic variations of the laser drive
unit 7 or the like. Furthermore, the ratio of the peak level value
and the average level value of the light intensity determined
by the reference drive current, the high frequency superim-
position frequency and amplitude or the like, and the jitter are
also atfected by the characteristic variations of the semicon-
ductor laser 6 and a transmission path of the drive current.

For example, as shown in FIG. 4, in a case of using one
optical information reproducing apparatus, a frequency of
400 MHz 1s obtained for the high-frequency current to be
superimposed on the reference drive current by the laser drive
unit 7 by setting the frequency set value to 10 (dec) (see a
straight line 401 1n FIG. 4). In a case of using another optical
information reproducing apparatus, however, a frequency of
400 MHz cannot be obtained unless the frequency set value 1s
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set to 12 (dec) (see a straight line 402 in FIG. 4). The same
applies to FIG. 5 (see straight lines 501 and 502 in FIG. §).

Thus, the frequency set value and the amplitude set value
are set according to predetermined adjustment and stored 1n
the storage unit 18 when an individual optical information
reproducing apparatus 1s manufactured.

Accordingly, the high-accurate setting can be achieved
without being affected by the characteristic variations, and
the highly reliable optical information reproducing apparatus
can be obtained.

For example, a following method can be employed as the
alforementioned predetermined adjustment at the time of
manufacture.

Generally, when the reference drive current on which the
high-frequency current 1s not superimposed 1s supplied to the
semiconductor laser 6, a laser beam 1s not output until the
reference drive current exceeds a predetermined value. After
the current of the predetermined value or more 1s supplied, an
output value of the laser beam rises substantially linearly. A
relationship between the reference drive current and the out-
put value of the laser beam differs depending on the charac-
teristic variations of the semiconductor laser 6 or the like.

When the drive current on which the high-frequency cur-
rent 1s superimposed 1s supplied to the semiconductor laser 6,
substantially the same phenomenon as that described above
occurs. However, as the amplitude value of the high-ire-
quency current 1s larger, an average current value at which a
laser beam starts to be output 1s smaller as compared to the
predetermined value when the reference drive current 1s sup-
plied. Accordingly, a difference Alth between the value of the
reference drive current and the average current value of the
drive current on which the high-frequency current 1s super-
imposed, which are supplied when the semiconductor laser 6
outputs a laser beam of a predetermined value, becomes an
index of the influence of superimposition of the high-fre-
quency current on the reference drive current.

Thus, a reference optical information reproducing appara-
tus 1n which the amplitude set value and the frequency set
value of the high-frequency current are determined in
advance such that the peak level value/the average level value
satisfies a predetermined value 1s prepared, and a difference
Alth 1n the reference apparatus 1s measured 1n advance with
respect to each amplitude set value and each frequency set
value of the high-frequency current used therein. To be more
specific, a difference Althl based on the condition corre-
sponding to the curve line 31 1n FIG. 3 (the high frequency
superimposition amplitude value 1s 5 mApp and the high
frequency superimposition frequency 1s 400 MHz), and a
difference Alth2 based on the condition corresponding to the
curve line 32 (the high frequency superimposition amplitude
value 1s 3.3 mApp and the high frequency superimposition
frequency 1s 400 MHz) are measured 1n advance.

In the manufacturing process, the amplitude and frequency
of the high-frequency current (see the values on the vertical
axis 1n FIGS. 4 and 35) are adjusted with respect to each
difference such that the same differences as the difierences
Althl and Alth2 in the above reference apparatus are gener-
ated 1n each optical information reproducing apparatus. By
the adjustment, the influence of superimposition of the high-
frequency current on the reference drive current 1n each appa-
ratus can be made the same as the influence 1n the reference
apparatus in the manufacturing process.

As a result, the frequency set value and the amplitude set
value (see the values on the horizontal axis in FIGS. 4 and 5)
can be accurately set 1n each apparatus.

The value of the reference drive current 1s adjusted such
that the laser output described by reference to FIG. 3 can be
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obtained corresponding to each set value set as described
above, that 1s, an output of 0.3 mW 1s obtained at the point 31a
and an output of 0.6 mW 1s obtained at the point 325.

The number of adjustment steps at the manufacturing stage
can be reduced by not adjusting all of a plurality of set value
data and storing the data in the storage unit 18 at the time of
manuiacture, but by adjusting only some of the set value data.
In this case, the set data not stored 1n the storage unit 18 can
be set by estimation (for example, proportional calculation)
based on the values of the stored set value data when the
optical disc 1 1s reproduced.

For example, as indicated by the straight line 501 in FIG. 5,
the standard amplitude set value in the once-write optical disc
1s 12 dec in the reproduction at the double speed (see the
amplitude 5 mApp 1n FIG. 5), and 8 dec 1n the reproduction at
the quadruple speed (see the amplitude 3.3 mApp 1n FIG. §)
(the ratio of the amplitude set value 1n the reproduction at the

double speed to that in the reproduction at the quadruple
speed 1s 1.5). The straight line 501 1n FIG. § indicates a
relationship between the high frequency superimposition
amplitude and the amplitude set value 1n a standard optical
information reproducing apparatus.

In this case, 1n a case in which the amplitude set value in the
reproduction at the quadruple speed 1s 6 dec, which 1s smaller
than the standard value 8 dec, 1n the adjusting process of one
optical information reproducing apparatus, the amplitude set
value 1n the reproduction at the double speed 1s estimated to
be 9 dec that 1s 1.5 times the amplitude set value 6 dec 1n the
reproduction at the quadruple speed (see the straight line 502
in FI1G. 5). The estimated value 1s stored 1n the storage unit 18.
The laser drive unit 7 can generate the high frequency super-
imposition amplitude equal to that of the standard value based
on the set value smaller than the standard value. The ampli-
tude set value 1n the reproduction at the double speed can be
estimated to be smaller than the standard value. Accordingly,
the number of steps at the time of manufacture can be
reduced, and the optical information reproducing apparatus
can be achieved at a low cost.

Since a calculation error occurs 1n the setting of the ampli-
tude set value by estimation, 1t 1s more preferable to accu-
rately set only the smallest amplitude set value (the amplitude
set value corresponding to the amplitude 3.3 mApp 1n FIG. 5),
which has a small effect of improving the jitter, as a target to
be adjusted during the adjusting process, and set the larger
amplitude set value (the amplitude set value corresponding to
the amplitude 5 mApp 1n FIG. 5) by estimation at the time of
estimation setting.

The case of using the inclination of the straight line 501
shown 1n FIG. 5 1s described 1n the above example as the
configuration for setting the amplitude set value by estima-
tion. However, the present invention 1s not limited thereto. For
example, 1n the adjusting process, the smallest amplitude set
value may be set at high accuracy, and the inclination of the
straight line 502 shown 1n FIG. 5 of the optical information
reproducing apparatus may be obtained and stored in the
storage unit 18. In the case of the above configuration, the
accuracy of the estimation setting 1s improved as compared to
the case of uniformly using the inclination of the straight line
501.

Although the optical information reproducing apparatus
according to the present embodiment includes only one type
of semiconductor laser, the present invention 1s not limited
thereto. The optical information reproducing apparatus may
also include a plurality of semiconductor lasers to emit laser
beams with different wavelengths (for example, about 650
nm or about 780 nm).
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Alternatively, the parameters of the high-frequency current
may be switched based on the type of the optical disc 1 and the
reproduction speed only 1n the semiconductor laser operating,
at a wavelength of 405 nm, and the parameters of the high-
frequency current may be fixed 1n semiconductor lasers oper-
ating at other wavelengths.

VIII. Next, the operation when the parameters of the high-
frequency current are determined based on which informa-
tion recording surface 1s reproduced when the optical disc 1
has a plurality of imformation recording surfaces will be

described.

Here, the magnitude of the reference drive current 1s deter-
mined in advance at least based on the reproduction layer
information indicating which information recording surface
1s reproduced when the optical disc 1 has a plurality of infor-
mation recording surfaces. For example, the laser output 1s set
to be larger when an information recording surface at a posi-
tion far from the laser beam incident surface of the optical
disc 1 1s employed than when an information recording sur-
face at a position near to the incident surface 1s employed.

As described above, when the parameters of the high-
frequency current are determined, the parameters of the high-
frequency current are set such that the ratio of the peak level
value and the average level value of the light intensity of the
laser beam (the peak level value/the average level value) 1s
equal to or less than a predetermined threshold value.

However, 1n the case of using the multi-layered optical
disc, the deterioration of reproduction light occurs more eas-
i1ly than in the case of using a single-layered optical disc.
Thus, the peak level value/the average level value needs to be
made smaller than that in the above case.

Meanwhile, when the laser output 1s large, the influence of
noise due to the return light to the laser 1s small. Thus, jitter
occurrence due to the noise 1s suppressed.

Accordingly, to prevent the deterioration of reproduction
light, the peak level value/the average level value needs to be
set to be smaller 1n the case of reproducing the information
recording surface at a far position than 1n the case of repro-
ducing the information recording surface at a near position.
To be more specific, it 1s preferable to reduce the high-ire-
quency current to be superimposed, for example, by supply-
ing only the reference drive current on which the high-ire-
quency current 1s not superimposed to the semiconductor
laser 6 when an information recording surface at the farthest
position 1s reproduced. Accordingly, the parameters of the
high-frequency current include the case in which the fre-
quency 1s 0.

With the above configuration, the parameters of the high-
frequency current are determined based on which informa-
tion recording surface 1s to be reproduced out of the plurality
of information recording surfaces of the multi-layered disc.
Thus, the deterioration of reproduction light can be pre-
vented, and the jitter can be also suppressed.

IX. Next, the operation when the information recording
surfaces to be reproduced are changed 1n the case where the
optical disc 1 has a plurality of information recording surtaces
will be described.

It 1s preferable to change the parameters of the high-fre-
quency current according to the characteristics of each infor-
mation recording surface even when the plurality of informa-
tion recording surfaces are reproduced at the same
wavelength and by a lens with the same NA.

Generally, when the information recording surfaces to be
reproduced are changed, the objective lens 13 1s moved to
change the light collecting surfaces of the laser beam, and the
collimator lens 11 1s moved to correct spherical aberration. In
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the present embodiment, the parameters of the high-fre-
quency current are also changed.

The parameters of the high-frequency current with respect
to each information recording surface to be reproduced are
stored 1n advance 1n the storage unit 18 1n addition to the type
of the optical disc 1 and the reproduction speed.

When the information recording surfaces to be reproduced
are changed, the control unit 5 compares the parameters of the
high-frequency current corresponding to the information
recording surface being reproduced and the parameters of the
high-frequency current corresponding to the information
recording surface after the change (step 301).

In a case 1n which a smaller peak level value 1s obtained 1n
the light intensity by the parameters of the high-frequency
current corresponding to the information recording surface
alter the change (for example, the high frequency superim-
position amplitude value 1s smaller), the parameters of the
high-frequency current are changed first (step 302). Subse-
quently, the objective lens 13 and the collimator lens 11 are
moved (step 303).

Accordingly, the peak level value of the light intensity 1s
suppressed to a level at which the deterioration of reproduc-
tion light does not occur when the laser beam 1s collected on
the information recording surface after the change. The
highly reliable optical information reproducing apparatus can
be thereby provided.

In a case 1n which a larger peak level 1s obtained 1n the light
intensity by the parameters of the high-frequency current
corresponding to the information recording surface after the
change, the objective lens 13 and the collimator lens 11 are
moved first (step 304). Subsequently, the parameters of the
high-frequency current are changed (step 305).

Accordingly, the mformation recording surfaces can be
changed without 1rradiating the information recording sur-
face belore the change with a laser beam with a peak level at
which the deterioration of reproduction light occurs. The
highly reliable optical information reproducing apparatus can
be thereby provided.

The storage unit 18 may be provided within the optical
pickup 3.

Although the case 1n which the jitter 1s optimized at the
same time as preventing the deterioration of reproduction
light 1s described in the aforementioned embodiment, the
present invention 1s not limited thereto. For example, the jitter
may not be necessarily optimized. That 1s, 1t 1s only necessary
to suppress the deterioration of reproduction light and sup-
press the jitter.

Although the case in which the parameters of the high-
frequency current are determined according to both the type
of the optical disc and the reproduction speed is described 1n
the alorementioned embodiment, the present invention 1s not
limited thereto. For example, the parameters of the high-
frequency current may be determined according to one of the
type of the optical disc and the reproduction speed. In this
case, the deterioration of reproduction light can be also sup-
pressed as compared to a conventional case.

Although the case 1n which the parameters of the high-
frequency current are determined according to the informa-
tion recording surface to be reproduced 1n the optical disc
having a plurality of information recording surfaces is
described in the atorementioned embodiment, the present
invention 1s not limited thereto. For example, the parameters
of the high-frequency current may be determined by also
taking at least one of the type of the optical disc and the
reproduction speed 1nto consideration.

Although the case in which the parameters of the high-
frequency current are changed according to the change 1n
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reproduction speed, or the selected information recording
surface to be reproduced 1s described as an example of chang-
ing the parameters of the high-frequency current during
reproduction in the aforementioned embodiment, the present
invention 1s not limited thereto. For example, the parameters
of the high-frequency current may be changed according to
both the change 1n reproduction speed, and the selected infor-
mation recording surface to be reproduced.

Although the case 1n which the set value data set by esti-
mation (for example, proportional calculation)1s stored 1n the
storage unit 18 and the stored estimated set value 1s subse-
quently used 1s described 1n the aforementioned embodiment,
the present invention 1s not limited thereto. For example, the
set value may be set by estimation each time reproduction
operation 1s performed.

In addition, the program according to the present invention
1s a program for causing a computer to execute the function of
a control unit of an optical information reproducing apparatus
of the present imvention described above, and 1s a program
which operates 1n collaboration with the computer.

In addition, the program according to the present invention
1s a program for causing a computer to execute the operation
of step, 1n which a parameter of said high-frequency current is
determined, of the information reproducing method of the
optical information reproducing apparatus of the present
invention described above, and may be a program which
operates 1n collaboration with the computer.

Moreover, the recording medium of the present invention 1s
a recording medium which holds a program for causing a
computer to execute the function of a control unit of an optical
information reproducing apparatus of the present invention
described above, and may be a recording medium for the
above-mentioned program being readable by a computer and
executing the above-mentioned operation with collaborating
with the above-mentioned computer.

Moreover, the recording medium of the present invention 1s
a recording medium which records a program for causing a
computer to execute operation of the step, in which a param-
cter of said high-frequency current 1s determined, of the infor-
mation reproducing method of the optical information repro-
ducing apparatus of the present invention described above,
and may be a recording medium for the above-mentioned
program being readable by a computer and executing the
above-mentioned operation with collaborating with the
above-mentioned computer.

In addition, one utilizing form of the program of the present
invention may be an aspect of being recorded on a recording
medium, ROM and the like are included, which can be read by
a computer, and operating with collaborating with the com-
puter.

Moreover, one utilizing form of the program of the present
invention may be an aspect of being transmitted inside a
transmission medium, transmission media such as the Inter-
net, light, radio waves, and acoustic waves and the like are
included, being read by a computer, and operating with col-
laborating with the computer.

Furthermore, a computer according to the present inven-
tion described above 1s not limited to pure hardware such as a
CPU and may be arranged to include firmware, an OS and,
turthermore, peripheral devices.

Moreover, as described above, configurations of the
present invention may either be realized through software or
through hardware.

Industrial Applicability

An optical information reproducing apparatus, an informa-
tion reproducing method of an optical information reproduc-
ing apparatus, a program and a recording medium according
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to the present invention can prevent the deterioration of repro-
duction light and 1s suitable for a reproduction system of the

optical disc on which information 1s recorded in high-density,
and the like.

DESCRIPTION OF SYMBOLS

1 optical disc

2 spindle motor

3 optical pickup

4 signal processing unit

5 control unit

6 semiconductor laser

7 laser drive unit

8 front light beam splitter

9 front light monitor

10 beam splitter

11 collimator lens

12 rising mirror

13 objective lens

14 optical detector

15 current control unit

16 D/A converter

17 Oscillator

18 storage unit

31 curve line (characteristic curve line of the value of the peak
level value/the average level value which 1s used for
explaining 1n case of reproduction performed at a double
speed)

32 curve line (characteristic curve line of the value of the peak
level value/the average level value which 1s used for
explaining 1n case of reproduction performed at a qua-
druple speed)

33 curve line (characteristic curve line of the value of the peak
level value/the average level value which 1s used for
explaining 1n case of change of the high frequency super-
imposition frequency)

The mvention claimed 1s:

1. An optical information reproducing apparatus which
irradiates a laser beam to an information recording medium
and reads an information, said optical information reproduc-
Ing apparatus comprising;

a semiconductor laser which generates said laser beam:;

a laser drive unit which supplies a drive current on which a
high-frequency current i1s superimposed to said semi-
conductor laser;

a spindle motor which drives said information recording,
medium; and

a control unit which controls said laser drive unit and said
spindle motor,

wherein said control unit determines a parameter of said
high-frequency current based on magnitude of a current
on which said high-frequency current 1s to be superim-
posed,

said magnitude of said current on which said high-ire-
quency current 1s to be superimposed 1s determined
based on reproduction layer information indicating
which one of information recording surfaces on said
information recording medium is reproduced,

said parameter of said high-frequency current i1s deter-
mined so that a ratio of a peak level value and an average
level value of a light intensity of said laser beam (a peak
level value/a average level value) 1s smaller 1n the case of
reproducing an information recording surface at the far-
thest position from an incident surface of said laser beam
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than in the case of reproducing an information recording
surface at the nearest position from said incident surface
of said laser beam.

2. The optical information reproducing apparatus accord-
ing to claim 1,
wherein 1 the case of reproducing said information
recording surface at the farthest position from said inci-
dent surface of said laser beam, only a reference drive
current on which said high-frequency current 1s not
superimposed 1s supplied to said semiconductor laser.

3. The optical information reproducing apparatus accord-
ing to claim 2,
wherein said parameter of said high-frequency current

includes an amplitude set value which sets an amplitude
value of said igh-frequency current and a frequency set

value which sets a frequency of said high-frequency
current, which are used at said laser drive unit.

4. The optical information reproducing apparatus accord-

ing to claim 3,
wherein said parameter of said high-irequency current 1s
set so that said ratio of said peak level value and said

average level value of said light intensity of said laser
beam 1s equal to or less than a predetermined value.

5. The optical information reproducing apparatus accord-
ing to claim 4,

wherein said predetermined value 1s a threshold value

which does not cause damage to recorded information

on said information recording medium by said laser
beam when said information recording medium 1s repro-

duced.

6. The optical information reproducing apparatus accord-
ing to claim 5,
wherein said predetermined value differs depending on

which information recording surface of said information
recording medium 1s reproduced.

7. An mformation reproducing method of an optical infor-
mation reproducing apparatus which irradiates a laser beam
to an 1nformation recording medium and reads an informa-
tion, said optical mnformation reproducing apparatus having;:

(1) a semiconductor laser which generates said laser beam;

(11) a laser drive unit which supplies a drive current on
which a high-frequency current 1s superimposed to said
semiconductor laser;

(111) a spindle motor which drives said information record-
ing medium; and

(1v) a control unit which controls said laser drive unit and
said spindle motor,
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wherein said information reproducing method comprises:
a step 1n which said control unit determines a parameter of
said high-frequency current based on magnitude of a
current on which said high-frequency current is to be
superimposed,
said magnitude of said current on which said high-ire-
quency current 1s to be superimposed 1s determined
based on reproduction layer information indicating
which one of information recording surfaces on said
information recording medium 1s reproduced,
said parameter of said high-frequency current 1s deter-
mined so that a ratio of a peak level value and an average
level value of a light intensity of said laser beam (a peak
level value/a average level value) 1s smaller 1n the case of
reproducing an information recording surface at the far-
thest position from an incident surface of said laser beam
than in the case of reproducing an information recording
surface at the nearest position from said incident surface
of said laser beam.
8. The information reproducing method of an optical infor-
mation reproducing apparatus according to claim 7,
wherein 1n the case of reproducing said information
recording surface at the farthest position from said 1nci-
dent surface of said laser beam, only a reference drive
current on which said high-frequency current i1s not
superimposed 1s supplied to said semiconductor laser.
9. The information reproducing method of an optical infor-
mation reproducing apparatus according to claim 8,
wherein said parameter of said high-frequency current
includes an amplitude set value which sets an amplitude
value of said high-frequency current and a frequency set
value which sets a frequency of said high-frequency
current, which are used at said laser drive unat.
10. The information reproducing method of an optical
information reproducing apparatus according to claim 9,
wherein said parameter of said high-frequency current 1s
set so that said ratio of said peak level value and said
average level value of said light intensity of said laser
beam 1s equal to or less than a predetermined value.
11. The mformation reproducing method of an optical
information reproducing apparatus according to claim 10,
wherein said predetermined value i1s a threshold value
which does not cause damage to recorded information
on said information recording medium by said laser
beam when said information recording medium 1s repro-
duced.
12. The mformation reproducing method of an optical
information reproducing apparatus according to claim 11,
wherein said predetermined value differs depending on
which information recording surface of said information
recording medium 1s reproduced.
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